Where a full thickness infarct has occurred with replacement of myocardium by fibrous tissue, this inert portion of the ventricular wall cannot take part in concentric contraction and herniates outwards during ventricular systole. This localized disturbance of ventricular contraction after acute myocardial infarction is seen not only in large ventricular aneurysms but alsowith smaller full thickness infarcts (minor aneurysms) that have not caused a definite protrusion of the external surface of the heart. In this paper the range of localized disorders of ventricular contraction has been studied clinically, radiologically, at operation, and at necropsy. In diagnosis, special emphasis has been placed on abnormalities of the cardiac impulse, readily appreciated at the bedside, and on the information obtained from detailed fluoroscopy.
Where a full thickness infarct has occurred with replacement of myocardium by fibrous tissue, this inert portion of the ventricular wall cannot take part in concentric contraction and herniates outwards during ventricular systole. This localized disturbance of ventricular contraction after acute myocardial infarction is seen not only in large ventricular aneurysms but alsowith smaller full thickness infarcts (minor aneurysms) that have not caused a definite protrusion of the external surface of the heart. In this paper the range of localized disorders of ventricular contraction has been studied clinically, radiologically, at operation, and at necropsy. In diagnosis, special emphasis has been placed on abnormalities of the cardiac impulse, readily appreciated at the bedside, and on the information obtained from detailed fluoroscopy.
The prognosis after acute myocardial infarction depends not only on the possibility of a further infarct occurring, but also on the degree of damage that the infarct has inflicted on the ventricles as an efficient pump. The influence of major and minor aneurysms on prognosis following myocardial infarction has been examined.
SUBJECTS AND METHODS
The 39 patients studied fell into 2 main groups.
There were 13 patients in whom the diagnosis of ventricular aneurysm was confirmed either at operation or at necropsy. The second group consisted of 26 patients in whom the diagnosis of ventricular aneurysm was made on clinical and radiological grounds alone. Of these 39 patients, 18 were diagnosed as having a ventricular aneurysm during admission to Hammersmith Hospital in a series of 112 consecutive patients treated in the Acute Coronary Care Unit (Shillingford and Thomas, 1964) . All 39 patients were examined clinically by one of us (A.M.) and the majority were seen in joint consultation. Of the 39 patients, 12 were hypertensive (blood pressure exceeding 140/90 mm.Hg on casual readings), one was diabetic, one was acromegalic, and one had multiple myelomatosis.
Definition of Ventricular Aneurysm. In this paper we have incorporated the concepts of Crawford (1943) , Schlichter, Hellerstein and Katz (1954) , and Luisada and Fleischner (1948) in our definition. Schlichter defined a cardiac aneurysm as a localized out-pouching of the cavity of a cardiac chamber, with or without outward bulging of the external surface. Luisada recognized anatomical and dynamic aneurysms, the latter showing paradoxical pulsation without any persisting bulge in the profile of the left ventricle. In both, a large transmural infarct gives rise to thinning of the left ventricular wall and consequent paradoxical pulsation. We have preferred to use the terms major and minor aneurysm. In a major aneurysm the localized out-pouching of the chamber cavity is accompanied by marked protrusion of the external surface, while in a minor aneurysm a suggestive bulge only may be seen.
Pathology. Post-mortem data were available in 7 patients; surgical specimens were obtained in 6 patients treated by ventriculoplasty for ventricular aneurysm. At necropsy the heart was first examined in situ to see whether any abnormalities in contour could be detected, after which it was removed in the routine manner. Water was then introduced into the left ventricle and gentle pressure applied to see whether outward bulging could be demonstrated. Post-mortem coronary arteriography was performed, the arteries having been injected with a mixture of Raybar cream (barium sulphate) and gelatine by the method of Harrison and Wood (1949) . The heart was then dissected according to Lumb and Hardy (1964) , and further radiographs taken. Next a vertical section was taken through the heart, the plane of section being chosen so that it passed through the summit of the aneurysm. This technique enabled a clear assessment to be made of the degree of myocardial thinning and its relation to the remaining healthy muscle and to the ventricular cavity. Representative blocks were subsequently selected and these were cut at 5b thickness and stained with haematoxylin and eosin, Weigert's elastic van Gieson stain, and Martius Scarlet-Blue (Lendrum et al., 1962) . Blocks and sections from the surgical material were treated similarly. Dating of infarcts was based on criteria of Lodge-Patch (1951) and the age of appearances of thrombi was assessed by the criteria of Irniger (1962/3) .
Cardiac Impulse. Detailed assessment was made of the nature of the cardiac impulse on clinical examination and in the impulse cardiogram. Since the major abnormality of the cardiac impulse was in ventricular systole, a faithful record of the palpable cardiac impulse could only be obtained in an absolute record of displacement, such as the impulse cardiogram which records total movement in relation to a fixed point in space (Beilin and Mounsey, 1962) . Apex cardiography, which is a record of relative displacement of a point on the chest wall in relation to the immediately surrounding area, gives no constant pattern of the cardiac impulse in late systole. With this method the duration of the ventricular systolic impulse varies with the manual pressure with which the transducer is applied to the anterior chest wall and also with the total movement of the surrounding thoracic cage accompanying the heart beat (Mounsey, 1967) . In recording absolute displacement with the impulse cardiograph a standard position was always adopted, with the patient reclining at 450. Records taken in this position cannot be compared with those in the left lateral decubitus position, due to mediastinal shift and elevation of the left diaphragm, with consequent alteration of the heart's position in the thorax (Boicourt, Nagle, and Mounsey, 1965) . Simultaneous phonocardiograms and electrocardiograms were rec6rded as reference tracings on a Cambridge multichannel photographic recorder.
Electrocardiography. The electrocardiographic pattern in cardiac aneurysm comprises evidence of a transmural infarct with, in addition, persistent S-T segment deviation. Pathological Q waves in two or more adjacent chest leads, especially when monophasic, indicated the large size of an anterior or antero-lateral transmural infarct. Q waves in leads II, III, and aVF suggested a large transmural postero-inferior infarct. In anterior chest leads, persistent coved S-T segment elevation after healing of the infarct suggested an anterior or antero-lateral aneurysm. Persistent S-T segment depression in some praecordial leads and S-T segment elevation in leads II, III, and aVF suggested a posteroinferior aneurysm. Although S-T segment elevation is suggestive of cardiac aneurysm, it is not diagnostic. Conversely, an aneurysm may be present in the absence of S-T segment deviation (Moyer and Hller, 1951) .
Radiology. In each patient plain chest films were obtained in postero-anterior and lateral projections.
Full distance 6 ft. films were taken except in 2 cases where only short distance portable films were feasible.
Fluoroscopy was carried out in all but 6 patients, using an image intensifier and television monitor system. Most patients were examined supine and in different phases of respiration. Meticulous fluoroscopy of the left ventricle in many projections is important, since abnormalities in contraction may only become obvious when they are shown in profile. The patients were examined straight and with varying degrees of obliquity, in both right and left anterior oblique views. In general, the postero-anterior projection demonstrates movements of the left cardiac border and apex, whereas in the right anterior oblique, movements of the anterior and inferior surface of the heart are better detected. In the left anterior oblique the postero-lateral contour is better visualized. To confirm our fluoroscopic findings, cineradiograms of the heart in appropriate projections were recorded in 25 of the 39 patients. These were taken with an image intensifier and a 35 mm. Ariflex camera at a speed of about 32 frames/sec.
Bi-plane roll-fili angiocardiograms, with the left ventricle opacified by pulmonary artery injections of contrast medium, were performed in 5 patients, investigated prior to ventriculoplasty.
Clinical Course. Follow-up studies were made in every patient for between 1 and 13 years. Special note was taken of the nature of the cardiac impulse and of evidence of borderline left ventricular failure, troublesome angina, recurrent arrhythmias, and the occurrence of emboli. The clinical course was followed in this way of 33 patients medically treated. In a further 6 patients, under the care of Professor Goodwin, Dr. Celia Oakley, Mr. Cleland, and Professor Hugh Bentall, ventriculoplasty was carried out with excision of the aneurysmal wall, and their progress after operation was assessed.
RESULTS
(1) Patients with Major Ventricular Aneurysm Ten patients had a large anterior ventricular aneurysm, of whom 6 were treated surgically by ventriculoplasty, while 4 eventually died and came to necropsy. The diagnosis of aneurysm was suggested clinically by the presence of an abnormal cardiac impulse, by localized protrusion or generalized enlargement of the left cardiac border in the chest x-ray film, with paradoxical pulsation on screening, and in 9 out of 10 patients by typical changes in the electrocardiogram (Table I, Fig. 1 average of 54 years. One of the 10 patients was a woman. In the 6 patients treated by ventriculoplasty, the interval between the acute infarct giving rise to the aneurysm, and the operation, varied between 3 and 18 months. In all patients this was their first cardiac infarct. Four had continued ambulant for several weeks after the infarct. All 6 patients had been in borderline left ventricular failure with frequent angina of effort following the infarct. All 6 patients were in sinus rhythm, but paroxysmal arrhythmias were frequent, extra- Four patients were not treated surgically and eventually came to necropsy. All of these remained in sinus rhythm, apart from one who developed ventricular tachycardia terminally (see below). One patient had had a chronic aneurysm for about 10 years, while the others died within 1 to 20 months of developing the aneurysm. In the case of the chronic aneurysm, the patient had continued at work throughout the time of her first cardiac infarct, when the aneurysm was thought to have developed. Calcification of the aneurysm was first recognized 6 years before death (Fig. 2) . She died of a further infarct, having had attacks of angina and borderline cardiac failure for 9 months previously.
The other 3 patients developed aneurysms within a few days of admission to hospital for cardiac infarction. Early admission to hospital had not been achieved and they hadcontinued physical exertion for up to 2 days after the initial symptoms of infarction. Two of them had had a previous cardiac infarct.
A pericdial rub was noted within the first week of the illness. The development of the aneurysm was recognized on the sudden appearance of a sustained cardiac impulse with typical electrocardiographic and radiological changes and subsequent post-mortem confirmation. Two died during the same admission in hypotensive congestive heart failure. The third, who had had recurrent episodes of failure, lived 20 months and died during a third hospital admission in an episode of ventricular tachycardia, no evidence of a further fresh infarct being seen at necropsy. Palpation and Auscultation. In all 10 patients, an abnormal cardiac impulse was felt. A lifting impulse was palpable above and internal to the apex beat, which was sustained in nature (Beilin and Mounsey, 1962; Mounsey, 1965) . The site of greatest excursion (Table II) usually corresponded well with the centre of the underlying anterior ventricular aneurysm, as verified at thoracotomy or at necropsy. It usually extended over a wide area of the praecordium. Although we noted the appearance of an additional cardiac impulse internal to the apex beat, we did not consider the term "double cardiac impulse" clinically accurate m our cases (Libman and Sacks, 1927; Gorlin, Klein, and Sullivan, 1967) . In our experience, a single abnormal impulse, greatest over the centre of the aneurysm, appeared to be propagated radially outwards over the surrounding area of the praecordium, which included the site of the apex beat (Mourdjinis et al., 1966) .
With one exception, the form ofthe impulse always showed the same abnormalities. It was composed of 2 successive outward movements, easily recognizable on simultaneous inspection and palpation, combined with auscultation (Mounsey, 1966 (Mounsey, , 1967 . Watching the movements of the stethoscope bell, while one is listening to the heart sounds, is a useful technique for this purpose. The first of the two impulses, which coincided with an atrial sound and immediately preceded the first heart sound, was an augmented atrial beat accompanying atrial systole. The second impulse closely following the first heart sound was a sustained, forceful, lifting impulse accompanying ventricular systole.
The impulse cardiogram confirmed these physical signs (Fig. 3 ). The atrial beat was abnormal in that it was of unusually large amplitude, since in health only a small outward movement accompanies atrial systole (Beilin and Mounsey, 1962) . The ventricular ejection beat showed two abnormalities. First, it was of abnormally large amplitude and secondly it was sustained up to the time of the second heart sound. A sustained impulse of this type is never met in health where the impulse always returns to the baseline by the time of the second heart sound. When present it indicates In health (A) the cardiac impulse (apex) moves outward in early systole but returns to baseline by the time of the second heart sound (2), with slight late systolic retraction. In cardiac aneurysm (B), the ectopic ventricular impulse (4th ICS, 9 cm. to left of mid-line) is of large amplitude and sustained throughout systole up to the time of the second heart sound (2). Preceding it is a large palpable atrial beat that accompanies atrial systole. (Beilin and Mounsey, 1962; Mourdjinis et al., 1966) .
In 1 patient a sustained cardiac impulse was not felt or recorded. This patient had heavy calcification of the wall of the aneurysm, and it is possible that this rendered the aneurysmal sac so rigid that paradoxical bulging of its walls during ventricular systole was prevented.
On auscultation all 10 patients had a third heart sound after the development of the aneurysm (Fig.  4) . The third sound persisted throughout the period of follow-up, when patients were not in left ventricular failure. Thus, all 10 patients had both an atrial sound and a third heart sound, giving rise to a persistent quadruple rhythm. In the impulse cardiogram the third heart sound was accompanied by an augmented diastolic rapid inflow beat (Mounsey, 1966 ). An apical systolic murmur was heard in 4 patients, being loud in 1 and accompanied by a thrill at the apex, and relatively soft and blowing in the other 3 (Fig. 4) . This sign suggested the presence of mitral incompetence and at operation all 4 patients were found to have papillary muscle involvement in the aneurysm (see below).
Radiology. In 8 of the 10 patients there was a clearly defined large local protrusion on the left cardiac border (Fig. 2) (Fig. 6 ). In addition, extensive calcification in the aneurysmal wall was seen in 1 patient. The site and extent of the aneurysm were examined at operation (Fig. 7) or at necropsy in every patient. The size of the aneurysm varied between 5 x 7 cm. and 1Ox 15 cm., in diameter. The site of the aneurysm in all 10 patients was anterior, with extension laterally towards the septum in 2 and towards the apex in 5. An area of pericarditis was noted over the aneurysm in all patients. In addition, mural thrombi were adherent to the wall of the aneurysm in 8 patients, and these were often of large size, measuring as much as 6 x 11 x5-5 cm. in 1 patient. In 3 of the 6 patients treated by operation portions of the thrombi were noted to be friable and could be easily detached. Histology showed the thrombi to be laminated and to contain old and recent thrombotic elements. The anterior papillary muscle was involved in the aneurysm in 5 of the 10 patients, and, in addition, in 2 of these 5 patients the posterior papillary muscle was also implicated.
In 3 of the 4 patients who came to necropsy coronary arteriography was performed (Table III) . This showed a large avascular area in the region of the aneurysm in the anterior wall of the left ventricle (Fig. 8) . Extensive narrowing or occlusion of both right and left main coronary arteries was seen in each patient, with, in addition, recent occlusion of the left anterior descending artery in 2 of the patients.
Cardiac Impulse following Ventriculoplasty. The form of the cardiac impulse changed in all patients after operation. In 2 it reverted to a more normal pattern (Fig. 9 ), but in the remaining 4 some abnormalities remained, there being still an augmented atrial beat and a sustained ventricular ejection beat though of smaller amplitude. The explanation of these persisting abnormalities lay in the fact that with the larger ventricular aneurysms it was impossible to excise the whole aneurysm at the time of the ventriculoplasty, a rim of 1 cm. to 2 cm. being left. Parallel improvement in cardiac movement toward a more normal pattern was noted on fluoroscopy after operation. Clinical Criteria for Diagnosis. Palpation and auscultation: In every patient the cardiac impulse showed similar abnormalities to those already described in the presence of major ventricular aneurysm. An augmented atrial beat was followed by a sustained large ventricular ejection beat (Fig.  10) . The site of this abnormal impulse varied with the site of the ventricular aneurysm. In 16 patients, in whom the aneurysm involved the anterior wall of the heart, the abnormal impulse was greater over an area of the praecordium. internal to the apex beat. In another 5 patients, with anterior or anterolateral involvement, the impulse was greatest at the Twenty-four of these patients had a loud atrial sound and 18 had, in addition, a soft third heart sound constantly present over months or years. Five patients also had a blowing systolic murmur at the apex.
In 7 patients the development of the sustained cardiac impulse was observed during hospital admission for acute cardiac infarction: a normal cardiac impulse was noted on admission, but on the third or fourth day after the acute infarct, a sustained quality in the cardiac impulse was first observed. Although the amplitude of this impulse sometimes became less marked with the progression of convalescence, none the less its sustained nature remained and we have never seen the impulse revert to an entirely normal pattern.
Radiology. In contrast to the group of patients with major aneurysms, all of whom showed generalized cardiac enlargement, in only three-quarters of the patients with minor ventricular aneurysms was slight or moderate generalized enlargement seen. Thus, 15 of the 29 patients with minor aneurysms had cardiac enlargement, while a further 9 had slight enlargement only. In addition, in 19 patients bulging of the left upper border of the cardiac silhouette was seen in the postero-anterior chest x-ray film. Of these 19, a step-bulge was noted in 2, a rounded bulge in 11 (Fig. 11) Pathology. Three of the 4 patients who died came to necropsy. In all, evidence of a minor ventricular aneurysm was seen, there being an obvious protrusion of the ventricular cavity at the site of the infarct within the thickness of the left ventricular' wall and without localized external bulging. The whole heart section, embedded in paraffin and sliced through the area of the transmural infarct, enabled one to appreciate the disturbances of cardiac movement and contraction resulting from the minor ventricular aneurysm. In all 3 patients at least one-third of the muscular circumference of the left ventricle had been lost in this section and replaced by inert fibrous tissue (Fig. 11) . Two of the aneurysms were posterior and of large size, one measuring 6 x 7 cm. The third was high lateral, extending posteriorly and of rather smaller size, measuring 3 x 3 cm. The thinnest portion of the aneurysmal wall varied between 3 and 5 mm. in these 3 patients. In only 1 of the 3 was intracardiac thrombus noted: histological examination of the aneurysmal wall showed it to be composed entirely of fibrous tissue with only a few strands of elastic tissue and practically no surviving myocardium.
Post-mortem coronary arteriography in.2 patients showed an avascular area in the posterior wall of the left ventricle at the site of the aneurysm (Table III) ; in 1 patient the anterior descending and right main coronary arteries were completely occluded, while in the other both the right and left main coronary arteries were stenosed with recent occlusion of the circumflex artery.
Infarction of the posterior papillary muscle was seen in all 3 patients. In addition, the anterior papillary muscle was infarcted in 1, where the aneurysm spread extensively onto the lateral wall of the heart. Clinical evidence of mitral incompetence with an apical systolic murmur was only found in 1 of these 3 patients. Incidence. In order to assess the frequency of the development of a major or minor ventricular aneurysm after acute myocardial infarction, a study was made of 112 consecutive patients admitted to the Acute Coronary Care Unit at Hammersmith Hospital. The nature of their cardiac impulse was assessed and the electrocardiogram was scrutinized for evidence of ventricular aneurysm. Chest x-ray films were available in every patient and full fluoroscopic studies were carried out in varying oblique positions to detect paradoxical cardiac pulsation in 31 patients in whom cardiac aneurysm was suspected.
Eighteen of the 112 patients were found to have evidence of a ventricular aneurysm. In 3 a major aneurysm was present, while in the remaining 15 there was clinical, electrocardiographic, and radiological evidence of a minor aneurysm. In 2 of these 18 patients, however, the formation of the aneurysm antedated the infarct for which they were admitted to hospital, having been present for between 5 and 7 years previously.
The incidence, therefore, of ventricular aneurysm in this series of 112 consecutive patients with acute cardiac infarction was 16 per cent. The incidence of the acute development of an aneurysm during this hospital admission was 14 per cent, the remaining 2 per cent of aneurysms being chronic and already present on admission.
Duration of Life after Onset of Ventricular Aneurysm. In all patients it was possible to make a fairly accurate estimation of the duration of the aneurysm following myocardial infarction (Table IV) . Two patients died within the first month, and a third died during the remainder of the first year, giving a mortality rate of only 8 per cent in this year. Two further patients died during the second year, raising the mortality rate by the end of the second year to 13 per cent. Nine patients are known to have lived for longer than 5 years and 4 patients were known to have lived for longer than 9 years. The longest survival after aneurysm formation in this series was 13 years.
There were 4 late deaths in our series, occurring during the sixth, eighth, tenth, and thirteenth years, respectively. In each case the patient died of a further episode of cardiac infarction. 7 survivors who were followed for 6 years, the prognosis of major and minor aneurysms was compared. Thus, 5 of the 7 patients alive after 6 years had minor aneurysms and only 2 had major aneurysms. Among the 6 who died, however, 4 had major aneurysms and 2 had minor aneurysms. Major aneurysms, therefore, appeared to carry a graver prognosis, particularly during the first 2 years (Fig. 12) . It is also perhaps of significance that 1 of the 2 patients with the major aneurysm who survived 6 years had been treated by ventriculoplasty. DISCUSSION We feel that the use of the term "aneurysm" to include both those cases where there is protrusion of the external surface of the heart with outpouching of the ventricular cavity as well as those where out-pouching of the cavity alone occurs is logical from the anatomical point of view (Schlichter et al., 1954) . Physiologically it is also acceptable since both these lesions result in localized abnormalities of ventricular contraction, with ballooning of the aneurysmal area during ventricular systole, giving rise to the sign of paradoxical pulsation on fluoroscopy (Braunbehrens, 1934; Luisada and Fleischner, 1948) . In order to differentiate between lesions which do and do not produce localized extemal protrusion of the heart it seemed useful to employ the terms "major" and "minor " aneurysm, bearing in mind that even minor aneurysms are usually of considerable size with a diameter of 3-4 cm. Harrison (1959) , in attacks of angina. Persistence of a third heart sound in patients recovering from an acute cardiac infarct in the presence of other signs of left ventricular failure usually carries a poor prognosis: in ventricular aneurysm, however, a third heart sound may persist for many years after development of the aneurysm. It is possible, therefore, that the genesis of the third heart sound in ventricular aneurysm is in some way related to the aneurysm itself. The thin wall may act as a tambour, freely transmitting the intracardiac vibrations to the chest wall. All the patients were found to have an atrial sound in addition, the intensity of which may have been exaggerated by the same factors influencing the third heart sound. Another auscultatory physical sign met in one-quarter of the patients was an apical systolic murmur. On necropsy and operation evidence, we believe this usually reflects papillary muscle dysfunction, where these muscles originate from the aneurysmal wall.
Radiological recognition of major aneurysms presents no problem, since the aneurysm is immediately visible on the routine chest x-ray film. A minor aneurysm, however, is likely to be missed, and fluoroscopy of the heart's movement to detect paradoxical pulsation is indispensable for diagnosis. Often the paradoxical pulsation can only be seen in one carefully selected projection after rotating the patient through various degrees of obliquity. In this way, posterior, inferior, or strictly anterior minor aneurysms may be visualized, in addition to those in the lateral region of the left ventricle which is more easily accessible radiologically. Only frank paradoxical pulsation was accepted as evidence of a minor aneurysm, though other abnormalities, such as localized diminution or absence of pulsation, were sometimes noted (Dack, 1955) . Cineradiology provides a useful objective record of the paradoxical pulsation. Angiocardiography presents the most accurate method of diagnosis, affording detailed evidence of the site and size of the aneurysm, the thickness of the aneurysmal wall, and the form of its abnormal movement (Gorlin et al., 1967) . This investigation was performed in all but one of our patients treated by ventriculoplasty.
Since the diagnosis of ventricular aneurysm in this series was based primarily on necropsy and operation findings or on clinical and radiological evidence of local paradoxical pulsation, an opportunity was presented for verifying the accuracy of electrocardiographic signs of ventricular aneurysm. In general, we found close accordance between our diagnosis of aneurysm on other grounds and the electrocardiographic picture. Thus, of the 10 major aneurysms, all confirmed at operation or necropsy, in only 2 was the electrocardiogram not diagnostic. In 1 patient, left bundle-branch block obscured the electrocardiographic picture, while in the other, whose aneurysm was heavily calcified, there was no elevation of the S-T segment. In the other 8 patients in this group, widespread monophasic Q waves in adjacent praecordial leads were accompanied by S-T deviation having persisted for months or years after the development of the aneurysm. With 2 exceptions, a similar electrocardiographic pattern was seen in the group of 29 patients with minor ventricular aneurysm. Of the exceptions, 1 had right bundle-branch block, while in the other multiple previous cardiac infarcts obscured the electrocardiographic picture. The similarity of the electrocardiographic picture in major and minor aneurysm was to be expected, since the electrocardiogram probably reflects the extensive nature of the transmural infarct disturbing the equilibrium of the electrical forces in the heart as a whole (Moyer and Hiller, 1951) , and is unlikely to be in any way directly related to external bulging of the aneurysmal wall.
In all 7 patients coming to necropsy, the diagnosis of aneurysm had been correctly made on clinical grounds. All the aneurysms, whether of the major or minor variety, were of large size. Thus, the smallest minor ventricular aneurysm measured 3 x 3 cm. in diameter, while the largest occupied the whole of the posterior and lateral walls of the left ventricle, producing generalized ventricular enlargement without localized protrusion. The largest major ventricular aneurysm measured 15 x 10 cm. in diameter. The site of the aneurysm was most frequently anterior, extending down to the apex, as reported by Parkinson, Bedford, and Thomson (1938) , Dubnow, Burchell, and Titus (1965) , and Gorlin et al. (1967) . In only 7 of our 39 patients was the aneurysm postero-inferior in position. A point of interest was the frequency with which the papillary muscles were involved in the aneurysm: in all but one of the 7 necropsies one or more papillary muscles were shown to be infarcted, originating in the wall of the aneurysm. Intracardiac thrombi were a frequent finding, being present in all but 2 of the 13 patients coming to operation or to necropsy. The relatively high incidence of intracardiac thrombi lining the ventricular aneurysm was in accordance with the findings of others (Schlichter et al., 1954) .
Post-mortem arteriography showed a large avascular area in the region of the aneurysm which was anterior in 3 major aneurysms and posterior in 2 minor aneurysms. In all 5 patients severe arterial disease was present in both right and left coronary arteries with complete blockage of the main arterial supply to the area of the myocardium where the aneurysm had developed.
The incidence of ventricular aneurysm in ischaemic heart disease is naturally higher if both minor and major ventricular aneurysms are considered. In our 112 consecutive patients admitted to the Acute Coronary Care Unit, 18 were found to have ventricular aneurysms, of which 3 were major and 15 minor. The incidence of aneurysm was, therefore, 16 per cent and parallels fairly closely that recorded in 13 collected series quoted by Schlichter et al. (1954) , in which the average incidence of ventricular aneurysm in instances of myocardial infarction found at necropsy was 15 per cent. Figures, however, differ widely in different series depending on the criteria accepted for the diagnosis of ventricular aneurysm. Thus, Dubnow et al. (1965) used the criteria of Edwards (1961) , of a protrusion of a localized portion of the external aspect of the ventricle accompanied by a corresponding protrusion of the ventricular cavity: their reported incidence of ventricular aneurysm was only 3-5 per cent which, as might be expected, corresponded fairly closely with the incidence of major ventricular aneurysm in our series (3%). Gorlin et al. (1967) With one exception, where death occurred during a paroxysm of ventricular tachycardia, all the deaths after the end of the first year were due to fresh myocardial infarcts. Thus, the longest survival of 13 years was in a patient who sustained his first cardiac infarct at the age of 42, with radiological evidence at that time of aneurysm formation, and who lived for a further ten years before he had a second myocardial infarct: this was followed by 2 further cardiac infarcts, the last of which proved fatal. Penner and Peters (1946) emphasized that the prognosis of cardiac aneurysm may often be surprisingly good, with long survivals reported for as many as 17, 24, and even 40 years (White, 1933 (White, , 1937 Drake, 1940; Bland and Wite, 1941; Master et al., 1954) .
Recurrent episodes of left ventricular failure were a troublesome complication of aneurysm in our series. Of the 39 patients, 23 have had episodes of left ventricular failure after recovery from the acute infarct and have required digitalization and long-term diuretic treatment, with, in 10 instances, one or more subsequent hospital admissions. Of the 3 early deaths within the first year, all died in congestive heart failure, while a further 4 patients were treated by ventriculoplasty with permanent resolution of heart failure. Our ex-perience of the frequency of heart failure in ventricular aneurysm is paralleled by the findings of others (Schlichter et al., 1954; Chapman et al., 1961) .
Systemic emboli were a rare complication of aneurysm in our series, in spite of the demonstration of intracardiac thrombus lining the aneurysm in all but 2 of the patients in whom the heart was examined either at operation or at necropsy. Anticoagulant therapy was not given routinely in our series of patients, nor do our figures suggest that it was effective in preventing this complication. The results in our series suggest that the onset of intractable heart failure after the development of a cardiac aneurysm in ischaemic heart disease is a reliable indication for surgical treatment by ventriculoplasty, provided the remainder of the myocardium is relatively sound. The outlook for these patients without operation is poor, while with it the outcome has been highly satisfactory. If, however, cardiac function adjusts satisfactorily to the haemodynamic disabilities imposed by the aneurysm, the long-term prognosis is relatively good and appears to be governed primarily by the state of the remainder of the coronary arterial tree and the likelihood of further infarcts occurring. In these patients, therefore, in contradistinction to those in heart failure, there seems no clear indication for ventriculoplasty. SUMMARY Thirty-nine patients with ventricular aneurysm following myocardial infarction have been studied. The diagnosis was based on operation or necropsy findings in 13 of them; in the remainder the clinical diagnosis was made on the abnormal cardiac impulse recorded in the impulse cardiogram, on the electrocardiographic pattern, and on the radiological appearances of the heart studied with fluoroscopy and cineradiography.
Ventricular aneurysms were divided into major and minor types. In both a large transmural myocardial infarct had occurred. While in major aneurysms external bulging of the cardiac silhouette was seen, in minor ventricular aneurysms, paradoxical pulsation of a localized segment of the cardiac border was present with little or no external bulging of the cardiac silhouette. The importance of palpation of the cardiac impulse and of detailed fluoroscopy in diagnosis is emphasized.
The incidence of major and minor aneurysms following cardiac infarction was relatively high: 16 per cent. Their natural history, prognosis, and treatment are discussed. 
